\ILOGY DEPARTMEN! 


Vol. X. No. 14. MAY, 1947 


THE 


ENGLISH ELECTRIC 
JOURNAL PUBLIC LIBRARY 


First Conv 





JUN 2 1 1947 
DETROIT 











CONTENTS. 
SOME NOTEs ON METER ERRORS — 
SUGAR FACTORY EQUIPMENT - 


THE ENGLISH ELECTRIC COMPANY S CONTRI- 
BUTION TO BRITISH RAILWAY ELECTRI- 
FICATION —- _ a iss a a 283 


AERO ENGINE DEVELOPMENT FROM 1903 - 289 


All Communications respecting Editorial Contents 
should be addressed to The Editor, The English 
Electric Fournal, The English Electric Company 
Limited, Stafford. 


All rights of republication, including translation of articles, 
are reserved. 


Published by 
THE ENGLISH ELECTRIC COMPANY LIMITED 
——~ STAFFORD 

















ap ‘ — 
oY we — — * fi - 
“« English Electric ’’ Switchboard, Generator Control Desk and Alternator in the Power 
Station of the Cantley Factory of the British Sugar Corporation. 





« English Electric” 2,250 kW. Back-pressure Turbo-alternator set in the Power Station of 
the Cantley Factory of the British Sugar Corporation. 











NT, 
English Electric 
Journal 


Vol. X. No. 14 


MAY, 


1947. One Shilling 


Some Notes on Meter Errors. 


By G. F. TAGG, B.Sc., Ph.D., M.LE.E., F.Inst.P., Fel.A.I E.E. 


INTRODUCTION. 

In a previous article in the August, 1946 issue of 
this Journal, a discussion was given on certain 
forms of error encountered in meter testing. 
Among these was the effect of the resistance of the 
inter-connecting leads between the voltage coils of 
a bank of meters set up for test, with their voltage 
coils connected in parallel. Further investigation 
has revealed a simpler manner of presenting 
information as to the errors produced, and this 
is given in this article. 

It is the practice of meter manufacturers to 
publish an average curve of their meters, which 
purports to give the average error at various 
loads. This curve is undoubtedly of value, but 
does not give sufficient information to enable 
the performance of any individual meter to be 
forecast. Again in the manufacture of meters, 
it is often necessary to introduce modifications 
and, to determine the effect of such a modification, 
it is usual to test a batch of modified meters, and 
here it is quite certain that the average error 
does not give sufficient information. It is the 
further purpose of this article to discuss what 
information deduced from tests on a number of 
meters, apart from, and in addition to, the 
average, can be used to judge the performance. 

INTER-CONNECTING LEAD RESISTANCE. 

In the previous article it was shown that the 
effect of inter-connecting lead resistance in a 
bank of meters, is to cause the voltage applied to 
the last meter to lead in front of the applied 
voltage, and thus to cause the meter to run 
slow, the actual error depending on, among other 
factors, the power factor of the testing load. 

It was shown in this article that if— 

R =the alternating current resistance of the 

voltage coil, 


X the reactance of the voltage coil, 
r the resistance of the inter-connecting 


leads, all assumed equal, 
V,= the voltage applied to the last meter, 


V,,= the supply voltage, 

n the number of meters, 

B the angle of lead V, in front of V,, 
cos ¢= the power factor of the testing load, 
then— 

Vi 1 n(n—1)Rr | n? (n—1)? r?]"/, 

V, [ R?+X? ' 4(R24+X4) 7 (1) 

tan B= a (2) 


2 (R?X?) + n (n—1) Rr 


and the percentage error = 


Vv 
[¥: | cos B—sin B tan 6} — 1 _, — 


The three equations (1), (2) and (3) can be 
combined to give the following relationship— 


Percentage error = 


—ae—)r ("3 X tan $4 100 o.ecesceees (4) 
2 R?+ X?2 
This can be written :— 
Percentage error = 
x ry 
ion een? 
aR ew 100 teen eeeees (5) 


+(R) 
R 

Certain facts emerge immediately from this 
equation. Apart from the power factor, the 
percentage error is dependent on two quantities. 
The first of these is n(n—l1)r/R, and if n is the 
only variable quantity it is evident that the 
error increases very rapidly with the number of 
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Fig. 1.—Error due to Interconnecting Lead Resistance. 
meters. If, for instance, ten meters are beiag 


tested, the value of n(n—1) is 90, while if forty 
meters are being tested, the value of n(n—l) is 
1,560, and so with forty meters the error could 
be expected to be 1,560/90=17.3 times what it 
would be with ten. 
leads which might be quite satisfactory with ten 
meters may introduce quite serious errors with 
forty. 

The other quantity on which the error depends 
is the ratio X/R of the meter, and a nomogram 
is given in Fig. | from which the percentage error 
can be obtained for given values of the two 
quantities, n(n—1)r/R and X/R. 

This analysis is not intended to be used to 
provide a correction which can be applied to the 


tests on the last meter, but as an indication of 


the possible serious nature of the error, which may 
result, although the resistance of the inter- 
connecting leads may be quite low, and the cumu- 
lative effect of a number of meters not realised. 
If it is suspected that errors due to this cause 
are present, this can be checked by transferring 
the meter in the last position to the first position 
in the bank, re-testing and seeing whether there 
is any serious difference in the results obtained 
in the two positions. Another way is to replace 
the last meter by a rotating sub-standard, and 


Thus an arrangement of 
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determine whether there are any errors in 
the figures given by it. Yet another 
way is to remove the first half of the 
bank, re-test and see whether there is 
any change in the errors of the last 
meter. 


1 
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If errors due to this cause are present, 
the obvious cure is to increase the cross- 
section of the inter-connecting leads, 
thereby reducing their resistance, but 
another and possibly more convenient 
way is to take additional leads from the 
supply and feed in at various points 
along the bank, thereby reducing the 
effective number of meters connected in 
parallel. 


| 


SELLA Daan Caan Ud 


| CONCENTRATED LEAD RESISTANCE. 

[ Mention was also made in the previous 
article of the effect of long leads between 
the supply and standard instruments, and 
the bank of meters under test. It was 
shown that in this case :— 


t 3 R°+X* 7 4/, ...... (5) 
me V, | (R-+nr,) ?+X? 


tan B= ad a 
R(R-+nr,) + X? 
and the percentage error is again given 
by (3) on page 270. In these equations 
the symbols have the same meaning as 

in (1) and (2) except that V, is now the voltage 

applied to all the meters, and r, is the lead 
resistance. 


x/R 


~ 


Equations (3), (5) and (6) can be combined to 
show that :— 
Percentage error 


(R+nr,+ X tan 4) . 





re 4 Se 7 
1 (R?+-n?r,?) +X? 1) 
This can be written :— 
Percentage error 

Pree | X tan ¢ 
Bal ae. OO (8) 

R a", 2 

R2 § R2 


In this case the error is dependent on two~ 
quantities nr,/R and X/R and is not so cumulative 
as in the other case. A set of curves is given in 
Fig. 2 from which the error can be determined 
for given values of nr,/R and X/R. 

In this case again it is a simple matter to 
check whether the lead resistance is such as 
to produce errors in the meters, by transfer- 
ring the sub-standard temporarily to one of 
the meter positions and re-checking the meters 
against it. 
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THE AVERAGE 
CURVE. 

It is the usual prac- 
tice of manufacturers 
to publish an average 
curve of error for their 
meters and this curve 
is undoubtedly of value. 
For judging the per- 
formance of meters in 
bulk, however, this 
value is insufficient. 
Manufacturers are often 
faced with this problem. 
For some reason, such 
as a customer’s request, 
or an attempt to ease 
production, some modi- 
fication is made to the 
meter and to estimate 
its effect on all meters, 
a sample batch is tested. 
From the results of this 
batch it is necessary to 
judge whether the modi- 
fication has resulted in 
an improvement in the 
performance of the meter or not. The average 
performance is, of course, some guide, but it 
is not sufficient. It is quite easy to imagine a 
case where the average is actually meaningless. 
For instance, if a batch of 100 meters was tested 
and 50 had an error of + 2 per cent. and 50 had 
an error of —2 per cent., the average error would 
be zero, but no one would consider this a satis- 
factory result. A visual examination of the 
individual figures sometimes can enable a judg- 
ment to be formed, but this is generally difficult 
in view of the mass of figures involved. Some 
measure is therefore necessary which, in con- 
junction with the average will enable a more 
reasoned judgment to be made of the meaning 
of these figures. To obtain this it is necessary to 
go to the laws of probability and to the 
methods of statistical analysis. 


Percentage Error (Slow) 


Fig. 2. 


THE STANDARD DEVIATION. 


It is not necessary to go deeply into the various 
statistical parameters which are used, and the 
following deals briefly with that part of statistical 
analysis which is of value to the present problem. 
What is required is some fairly simple measure 
which will give an indication as to the extent to 
which the values for any particular meter are 
likely to depart from the average. The quantity 
known as the standard deviation is very useful 
in this respect. As will be seen shortly it is a 
measure of departure from the average value. 
It should have no terrors for the electrical 
engineer, although it is a mathematical function, 
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Value ‘of nx r/R 


Error due to Concentrated Lead Resistance. 


since it is an old friend, the root mean square 
value in another guise. The difference between 
any individual value and the average is called a 
deviation and the standard deviation is the 
square root of the mean of the squares of the 
deviations. For example, suppose the first two 
columns in Table I give the individual errors of 
six meters tested at any one load. 


TABLE l. 
Meter No. Error. Deviation. (Deviation)?. 
l 0.1 0.15 0.0225 
3 0 0.05 0.0025 
3 0.2 0.15 0.0225 
4 0.3 0.25 0.0625 
5 0.2 0.25 0.0625 
6 LQ.1 0.05 0.0025 


Sum 0.1750 

The average error is +0.3/6=+0.05. From 
this and the individual errors the deviations are 
determined, and given in column 8 of the table. 
To obtain the standard deviation, each deviation 
is squared as in column 4 and these values added 
to give 0.1750 as stated. The mean square is 
then 0.1750/6=0.0292, and the standard devia- 
tion which is the root mean square = y 0.0292 = 
0.17. 

It is obvious that the greater the standard 
deviation the greater is the variation of individual 
values from the mean or average, and hence this 
quantity in conjunction with the average can 
give a better indication of the performance than 
the average alone. For example, an increase in 
the average error due to change in manufacturing 


Sum + 0.3 
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Fig. 3. 


Normal Distribution Curve. 


technique may not necessarily be a bad thing if 


it is accompanied by a decrease in the standard 
deviation. Conversely, an improvement in the 
average error is not necessarily good if it is 
accompanied by an increase in the standard 
deviation. In other words, the standard devia- 
tion can be used as a measure of the consistency 
of the meters, one with another. 
NORMAL DISTRIBUTION OF ERRORS. 


Up to the present the discussion has been on 
safe ground, but the use of the two values, 
average and standard deviation, is restricted to 
the comparison of values obtained under different 
conditions and personal judgment enters into the 
final decision. Is it possible to crystallise the 
ideas more, or, in other words, is it possible to 
give an exact meaning to the combination of 
average value and standard deviation? To do 
this it is necessary to enter on rather controversial 
ground, and to proceed cautiously. Let us for the 
moment turn from meters to considerations of 
ordinary probability. Without going deeply into 
the matter, it can be accepted that it has been 
established that when variations from an average 
are due to a number of causes, all independent 
of one another, acting at random, and each 
producing a small variation, a law has been 
established giving the probability of any indi- 
vidual having a value lying between two specified 
limits. This law can be stated mathematically 
for the present purpose as follows :— 

The probable number of individuals having 


values of deviation between x and x + 6x from 
the average is given by- 
— x2 
N 6x 2? 
V Sb — {Mabateenasbenearisansea’ (9) 
TA* Qr 


where y =number having deviations between x 


and x + 6x. 
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N =total number. 
o =standard deviation. 
e =base of Napierian Logarithms. 


This law is illustrated in the curve shown in 
Fig. 3, and it will be noted that it is symmetrical 
about the average value. Much work has been 
done on this law and various numerical values 
connected with it have been carefully tabulated. 


APPLICATION TO METER ERRORS. 


The first point to determine, before the 
theoretical work mentioned can be used, is 
whether meter errors obey the normal law. To 
investigate this the figures for 1,000 meters 
obtained at 100 per cent. load, unity power 
factor, and at 100 per cent. load, 0.5 lagging 
power factor, were analysed and the results are 
given in the curves of Figs. 4 and.5. The block 
diagrams are the actual numbers of meters 
having a certain band of error, and the smooth 
curve is the theoretical normal curve. The 
actual errors are shown in the form of blocks, 
since meter errors are generally given to the 
nearest one-tenth of one per cent., and a stated 
error of +-0.2 per cent. for example, really means 
that the error lies between +0.15 and -+0.25 
per cent., so that the blocks are 0.1 per cent. wide. 
The theoretical curve is determined exactly by 
the total number N, the step in the variation 
value, the average and the standard deviation. 
In this case N=1,000, 5x =0.1, and the averages 
and standard deviation were calculated from the 
individual values. It will be seen that the 
agreement between the theoretical curve and the 
actual errors is quite good, and is certainly 
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Fig. 4.—Errors of 1,000 Meters at Unity Power Factor. 
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Fig. 5.— Errors of 1,000 Meters at 0°5 Lagging 


Power Factor. 


sufficient to enable deductions to be made, based 
on the theoretical curve, provided always that it 
is borne in mind that the quantities dealt with 
are probable values and not hard and fast fixed 
values. 

A batch of 1,000 meters is somewhat large, 
but this figure was chosen in order to show that 
when large numbers of meters are concerned, the 
agreement with the normal error curve is quite 
good. 
a modification, smaller batches are, of course, 
used. 

It was necessary recently to analyse the 
results of the tests on a batch of 72 meters of the 
same capacity, and a typical set of figures for one 
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Fig. 6. 


In making actual tests as to the effect of 
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load is given in Table II, which also gives the 





calculations necessary to obtain the standard 
deviation. 
TABLE II. 
100 per cent. load, unity power factor. 
Percentage Number of nx 
error meters=n Divergence (Divergence)? (Divergence)? 
0.1 5 0.169 0.02856 0.14280 
0.2 31 0.069 0.00476 0.14756 
0.3 21 0.031 0.00096 0.02016 
+ O.4 12 0.131 0.01716 0.20592 
+0.5 3 0.231 0.05336 0.16008 
Sum 0.67692 
o2= 0.009396 
o= 0.097 
Average = 0.269 —— 
The actual errors and the corresponding 


theoretical curve are given in Fig. 6, which also 
shows the results for 5 per cent. load, unity power 
factor. It will be seen that the theoretical curves 
are reasonably good fits on the practical curves. 
Similar curves are given on Fig. 7 for tests on the 
same batch of meters at 0.5 lagging power factor, 
and in this case the agreement between the 
actual errors and the theoretical curves is not 
quite so good. The accuracy of fit of the theo- 
retical curve to the practical one must be borne in 
mind when assessing the value of deductions 
made from the theory. 

It thus becomes necessary to sketch theoretical 
curves before commencing any theoretical work. 
These are, of course, calculated from equation 
(9), but if a number have to be done, the work 
becomes laborious. In testing meters the step 
in error values is nearly always 0.1 per cent. and 
a nomogram is given in Fig. 8, from which 
theoretical curves can be calculated quickly. A 
straight edge laid across the nomogram passes 
through corresponding values of standard devia- 
tion, deviation/standard deviation, and percent- 
age of the total number. 

For example, suppose a batch of 50 meters 
tested at some particular load gives an average 
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Fig. 7.—Tests on 72 Meters at 0.5 Power Factcr. 
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Standard Deviation 


Fig. 9. 


of +0.1 

0.08. Then the theoretical curve can be calcu- 

lated from the nomogram as indicated in Table 3. 
TABLE III. 


Deviation. 


Standard No. of 
deviation. Percentage. Deviation. Actual error, meters. 
50 0 tO. 1 25 
0.5 42 0.04 LO.14 & +0.06 21 
1.0 31 0.08 -O.16 & +0.02 15.5 
1.5 18 0.12 +-0.22 & —0.02 9 
2.0 6.8 0.16 + 0.26 & —0.06 3.4 


The first two columns are obtained from the 
nomogram for a standard deviation of 0.08, and 
the remaining columns are then calculated from 
the first two, the average value of +0.1, and the 
batch number of 50. The theoretical curve can 
be drawn from the figures in the last two columns 
of this table. 

DEDUCTIONS FROM THE THEORETICAL CURVE. 

If a theoretical curve can be drawn which is a 
reasonable fit on the experimental values, it is 
possible to make certain deductions as to the 
probable errors of meters in bulk. It is possible, 
for instance, to estimate how many meters are 


per cent. and a standard deviation of 


Reject Curves. 


likely to have errors which fall outside certain 
limits. Meter engineers are interested in the 
B.S. limits of +- 2 per cent., and it is possible to 
estimate the proportion of meters in bulk which 
will have errors outside those limits. 

It is a property of the normal distribution 
curve that the area under the curve and between 
two ordinates is a measure of the probability 
that the error will lie between the two values 
represented by the ordinates. Consequently it 
is possible to calculate how many meters having a 
given average value and a given standard devia- 
tion are likely to have errors of more than + 2 
per cent., and the results of these calculations are 
given in the curves of Fig. 9. From these curves 
the number of meters per 10,000 tested which are 
likely to have errors exceeding -+-2 per cent. can 
be read off, knowing the average value and the 
standard deviation. Table IV gives a summary of 
the results on the batch of 72 meters referred to 
earlier, and the last column of this table gives the 
number of rejects read off the curves of Fig. 9. 

It will be noted that a small variation in the 
standard deviation can make a large difference 
in the number of meters rejected and hence this 
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quantity is a very sensitive indicator of the 
consistency of meters. This method of analysis 
enables a more reasoned judgment to be made 
of the performance of a batch of meters than can 
be obtained from a simple examination of a mass 
of figures, since this mass of figures can be 
reduced to a few simple values having a definite 
meaning. More work is necessary on it, to 


establish its value as a tool for the analysis of 


meter errors, but properly used there is no doubt 
but that it can be made of valuable assistance to 
those who have to deal with meter errors in the 
mass. Those who are at all familiar with quality 
control will recognise the similarity. 
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TABLE IV. 


Power 


Average Standard Rejects 
Load. factor. error. deviation. per 10,000. 
5% 0.2044 0.126 <1 
10 | 0.594 0.322 <i 
25 0.273 0.277 <i 
50 + 19 0.1224 0.182 <i 
100 | 0.2694 0.097 <i 
200 0.3554 0.297 <i! 
300 0.0904 0.399 <i 
10 1.0504 0.416 100 
25 | 0.257 +4 0.414 <i 
50 | 0.5 lag 0.8644 0.306 ¢ 1 
100 r 1.1204 0.165 <i! 
200 0.4644 0.332 <! 
300 0.3624 0.495 5 


Sugar Factory Equipment. 


We are indebted to the Engineers of the British Sugar Corporation for the opportunity of inspecting 


their Cantley factory, and for permission to take the photographs which accompany this article. 


We 


acknouledge also their courteous assistance in the preparation of the facts and figures. 


A beet sugar factory provides an ideal case for 


the exploitation of the special merits of the 
back-pressure turbo-generator. With these 


machines the amount of process steam available 
must bear an exact relationship to the electrical 
load—unlike the passout turbine, where both 
quantities can be varied independently. This 
condition is observed in the demands made by 
the sugar-beet processing plant. 

In order to demonstrate how the back-pressure 
turbine exactly supplies an industry’s 
needs, it is desirable first to give some 
brief descriptive notes on the sugar 
manufacturing process. 

Sugar is made, in Great Britain, from 
sugar beet. This plant has been 
scientifically cultivated until it yields 
between 17 and 19 per cent. of its weight 
as sugar. Nothing of its substance is 
wasted. The “tops” are cut off and 
fed to cattle, either as a green food or as 
silage ; the beet itself is processed and 
the sugar and molasses extracted, and 
the residual pulp is again dried and 
used as cattle food. 

Beet is harvested about the middle 
of September, and from then, for three 
to four months, the 18 sugar factories 
in Great Britain run night and day 
until all the crops are processed. The 
result, in weight of sugar, is sufficient 
to meet more than the present ration 
demand for our whole civilian popula- 
tion and for the Services. 


The beet is delivered to the nearest factory 
in a carefully organised manner, so that transport, 
road facilities, storage arrangements, and process 
plant demands are co-ordinated. The efficiency 


of the arrangements may be judged from the fact 
that 3,000 tons of beet are normally received 
every 24 hours. 

As the lorries arrive, they are in general 
discharged by water jet. Figs. 1 and 2 show the 
process in operation, while Fig. 3 shows beet 





Fig. 1.—Discharging beet by means of a water jet. 
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Fig. 2. 


being unloaded from barges. The beet are carried 
along concrete canals, or flumes, by water 
streams maintained by electrically-driven pumps. 

The flumes centralise on a pump house, and 
are lifted by the main beet pump through a 
20 in. pipe against a head of 37 ft. to the top 
level of the factory. An interesting feature of 
this pump, which is driven by a 200 H.P. electric 
motor, is that its design renders it entirely 
unchokeable and that its impeller is able to deal 
with solids up to 15 in. diameter as well as the 
accompanying water. At the top of the outlet 
pipe is a_ diversion 
arrangement permitting 
the stream of water and 
beet either to flow into 


the factory, or to be 
diverted to a store. 
EXTRACTING 
THE JUICE. 

The sugar factory, 


illustrated in Fig. 4, com- 
prises a steel frame build- 
ing, about 100 ft. high. 
The process takes 
place, in general, in a 
downward direction, 
gravity falls being util- 
ised wherever possible. 
As the beet enters, it is 
rough-washed in warm 
water. It then falls into 
the main washer, which 
consists of a series of 
helix-mounted arms in a 
trough as shown in Fig. 5, 
which cause the beet to 


be thoroughly turned Fig. 3. 





Beet being discharged from lorries by water jets. 
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and all their surfaces exposed 
to the washing water. 

The beet is then weighed on 
an automatic weigher, which is 
operated electrically, with its 
counting dials repeated in the 
laboratory in a distant part of 
the factory. 

The next step is again by 


gravity feed, to the cutting 
mills. Here the beet are 
directed through spiral channels 
on to a horizontal plate, on 
which are mounted rows of 
serrated blades. These are re- 
movable, and a number of 
operatives is employed, full 


time, in sharpening the knives 
on electrically-driven grinding 
wheels. 

The blades slice the beet in shreds known as 
‘ cossettes,” about 4 in. wide and + in. thick. 
The pulp is first squeezed in a “ Steffen Press.” 
The resulting juice is known as “raw” juice, 
but a single mechanical squeezing is only sufficient 
to extract about half of the sugar contained in 
the beet slices which are next taken to the cells 
which form the real heart of the sugar manufac- 
turing process known as “ diffusion,” and consists 
roughly of the same series of operations as are 
employed in brewing tea. 


The vertical cylinders, each holding about 





Unloading beet from barges at Cantley. 
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are yet another by-pro- 
duct of the beet-sugar 
industry, are added to 
the dried pulp, render- 
ing it even more nutri- 
tious to livestock. 


PURIFYING 
THE JUICE. 


Returning again to 
the liquid which now 
bears the vital essence 
of the sugar beet in 
solution, it is re-heated 
in a steam - warmed 
vessel, and is ready to 
be treated to remove 
the impurities—such as 
organic material and 
vegetable acids—which 
it contains as well as 
sugar juice. To effect 
this, unslaked lime is 
mixed with the juice, 
and each sugar factory 


Fig. 4.—The Cantley Factory of the British Sugar Corporation. has its own lime kiln 


6 tons of beet pulp and water, are arranged with 
pipe entries at top and bottom. Across the 
interior are chains, to prevent the beet from 
packing solidly on the bottom. Hot water is 
admitted to the top of the first cell in a battery, 
and after diffusing through the contents of that 
cylinder, the water, now enriched with beet 
juices, leaves the bottom of 
that cylinder to enter the top 
of the next one, and so on 
through nine cells in turn. 
When the maximum of beet 
juice has been extracted, the 
pulp has served its purpose. 


Use or Pup RESIDUE. 


To digress briefly from the 
main sequence of operations, it 
will be of interest to note how 
the residual pulp is made into 
a useful commodity. It passes 
from the bottom of the diffus- 
ing cells through vertical presses 
into a large rotary drier, driven 
either by an electric motor, or 
by line-shafting, and heated by 
flue gases. After thoroughly 
drying, it is bagged and sold 
to the farmers, who find it 
forms valuable cattle food. In 
some cases, molasses, which 


where limestone and 
coke are burnt for this purpose. 

Having done its work the lime has now to be 
removed by bubbling carbon-dioxide gas through 
the liquid. This gas has itself been generated 
in the lime kilns during the lime-making process. 
Calcium carbonate is then deposited, and remains 
in suspension in the liquid until it passes to large 





Fig. 5.—Main beet washer. 














Fig. 6.- 


filtering presses, illustrated in Fig. 6, where the 
juice is forced through cotton and jute sheets, 
clamped between iron frames, by hydraulic 
pressure. 

The lime is not wasted, as it is left in the 
form of thin cakes on the filter sheets, and is 
then dropped into a hopper, mixed with water, 
and conveyed in the form of sludge by an elec- 
trically-driven conveyor to a settling pit adjacent 
to the factory, where, at a later date, it is dug 
up and sold to farmers for use on their fields— 
another instance of the valuable by-products 
which come from the sugar-making industry. 
Fig. 7 shows the lime as it is mixed with water. 
An “ English Electric’ distribution board, for 
the motors for this and other drives, can 
be seen in the background. 

The juice is filtered once more, and 
then boiled—to concentrate it—in vertical 
boiler-type evaporators, where exhaust 
steam is passed through internal pipes, 
causing the liquor to boil in a vacuum 
maintained by an exhauster, which, in 
some cases, is electrically driven. 

The final stages in the treatment of 
the juice are completed at first floor 
level. The juice is taken to the sugar- 
boiling vacuum pans, which again com- 
prise vertical boiler-type vessels, heavily 
lagged, and with inspection windows at 
convenient intervals. 

CRYSTALLISATION, 

The interesting process of crystallisa- 
tion can now be observed. Exhaust steam 
is used once more to heat the pans, and 





Filter Presses for purifying -beet juice. 


Fig. ‘. 
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as the boiling process proceeds, 
through the inspection windows 
the golden syrup-like liquid can 





be seen becoming more and 
more filled with crystalline 





sugar, although the whole mass 
is still brown, the colouring 
being due to molasses. 

From the evaporating pans, 
when the expert sugar boilers 
have pronounced the charge 
exactly boiled to the right 
degree—after some three to 
four hours—the thick brown 
viscous liquid is passed to the 
centrifugal separators, compris- 





ing a container, whose outer 
surface consists of a finely 


perforated copper screen which 
is revolved at a high speed by 
a small water turbine. New 
plant about to be installed 
will be driven by variable-speed 
electric motors. Fig. 8 shows centrifugal machines 
at work. 

The brown viscous fluid is admitted to the 
separator, and is thrown on to the sides of the 
container by centrifugal action. The molasses 
then pass through the screens, leaving the sugar 
crystals behind, and warm water is then intro- 
duced to wash off the last traces of the brown 
molasses, leaving the pure white crystalline sugar 
in the pan. 

The molasses having passed through the screen, 
flow down into another heated container, where 
the thick fluid is stored until it is eventually sold 
for the making of cattle food. 

The sugar crystals from the centrifugal machines 





Lime residue from filter presses being mixed with water 
prior to being conveyed to settling pit. 
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Fig. 8.—Centrifugal Separators fcr separating the 
molasses fromthe sugar crystals. 


are finally taken to a large revolving drum, 
through which hot air is blown. This is known 
as the “ granulator.” It dries the sugar, and at 
the same time, by the action of the internal 
blades with which it is fitted, permits lumps to 
be broken up, while any that 
remain are rejected and returned 
to an earlier stage for further 


purification. 
This completes the actual 
manufacturing process. The 


completed sugar then falls to 
the ground floor through auto- 
matic weighing hoppers. It is 
either bagged into | cwt. (paper), 
or 2 ewt. (jute) sacks, or trans- 
ferred to a long table carrying a 
belt conveyor where young girls 
fill the familiar 2 lb. blue bags 
seen in the grocers’ shops. Fig. 9 
shows the jute sacks on the left, 
and the paper sacks on the right. 
The sacks and the bags are 
stored in a bonded warehouse, 
shown in Fig. 10, holding many 
thousands of tons of sugar. 


The foregoing brief review of 
the sugar manufacturing process 





Fig. 9. 
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has shown that there are two requirements at 
each stage in the process—mechanical drive by 
electric motors to actuate either conveyors or 
pumps, and process heating steam. It can also 
be stated that these two bear an exact relation- 
ship to each other. The whole process is con- 
tinuous, and from the time a beet enters the 
factory until its sugar is stored in the bonded 
warehouse, about eighteen hours elapse. There 
is no variation in the electrical demand, or in 
the demand for process steam. For three to four 
months, these two power requirements are exactly 
the same and in the same ratio. 

SUGAR 


ELECTRICAL MACHINERY USED IN 


MANUFACTURE. 


The Cantley sugar factory of the British Sugar 
Corporation, Ltd., employs an ‘‘ English Electric ”’ 
turbo-alternator set of the back-pressure type, for 
supplying almost the whole of its steam and 
electric power. <A _ large-scale reconstruction 
process is taking place at this factory, and the 
first turbo-alternator set has been commissioned 
and is in use for the 1946-47 sugar-beet campaign. 

Some 1,300 H.P. of drives are powered by a 
steam turbine, which drives, through right-angle 
gears, a lineshaft from which belting is taken, 
but this is to be replaced by electric drive when 
the second “ English Electric ’’ turbo-alternator 
is installed. 

A remarkably well designed power station has 
been built to the designs of the British Sugar 
Corporation’s engineers. A general view is shown 
in the lower illustration of the frontispiece. 





Automatic weighing and packing of sugar. 
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Fig. 10. 


Bonded warehouse for sugar. 


The turbine is of 2,250 kW. normal full load, 
with a maximum economic rating of 1,800 kW. 
Steam is supplied at 215 lbs./sq.in. gauge, at a 
temperature of 600° F. It leaves the turbine 
at a pressure of 30 lbs./sq.in. gauge, and at full 
load about 75,000 lbs. of steam per hour are 
available for use in sugar processing. 

The rotor speed is 6,000 r.p.m., and gearing 
reduces this to 1,500 r.p.m., at which speed it 
drives an alternator generating 400-volt, 3-phase, 
50-cycle current. The alternator can be seen 
in the illustrations of the frontispiece. The 
maximum current output from the machine is 
4,070 amps., and this is distributed to all parts 
of the factory by means of 
an ‘‘ English Electric ” 25-panel 
cubicle-type switchboard. 

The switchboard is of the OB 3 
and OB 5 airbreak type. Are 
suppression is effected in an arcing 
chamber which obviates the use 
of blow-out coils, and permits a 
rupturing capacity of 30MVA 
within a small compass. The 
switch is in the lower portion 
of the cubicle assembly, while 
the busbars and isolating links 
are mounted above. 

The switchboard is arranged 
in sections, with bus-section 
switches. Castell-type  inter- 
locking is provided to prevent 
wrong operation of isolating 
links, and to obviate the pos- 
sibility of opening the cubicle 
until the switch has been opened. 

There is provision for two 
generator circuits, one of which 


e P Fig. 11. 
is already equipped, and the 


“* English Electric 
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remaining panels are for factory dis- 
tribution, except for one allocated to 
an incoming supply connection from 
the Norwich Corporation Electricity 
Department. This permits standby 
power to be taken from the Corpora- 
tion’s mains. 

Full synchronising facilities are 
provided in a separate panel, while 
the generator control desk is of a 
modern design and is mounted at a 
convenient central position, with field 


regulator control on a _hand-wheel 
below the desk. 
It is of interest to note that in 


view of the large motor load, mostly 
comprising squirrel-cage motors, the 
Sugar Corporation’s engineers have 
been able to ensure a power factor 
of not less than .85 lagging. Fig. 11 
gives a general view of the switchboard and 
generator control desk. 

The distribution of current of the order of 
8,000 amps, in a relatively confined space beneath 
the switchboard, presented its own problems, 
and Fig. 12 shows how The English Electric 
Company have dealt with the busbars by using 
four 6 in. < } in. copper bars per phase, sup- 
ported by, and mounted in, massive wooden 
structures with ample phase clearance, this 
illustration shows the busbars mounted below the 
switchboard. 

In addition to providing the main distribution 
equipment, “ English Electric’ standard com- 





” 


25-panel class OB airbreak switchboard and 
generator control desk. 
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bination fuse switchgear has been used to 
make up a number of panels for local 
distribution centres in all parts of the 
factory. These have to operate, in some 
cases, under conditions of extreme warmth 
and moisture; while in other situations 
they are subject to severe dusty atmos- 
pheres. 


Fig. 12.—Arrangement of 
heavy-current busbars 
underneath switchboard. 


The English Electric Company’s 
Contribution to British Railway Electrification. 


The first surface application of electric traction 
to British Railways was made in 1900, when the 
District Railway put a train into service between 
Earls Court and High Street, Kensington. In 
1903 the Metropolitan Railway put their South 
Harrow branch into electric operation. Both 
these, while operating fully as passenger carrying 
lines were in the nature of trial systems which led 
eventually to the full electrification of the 
District Railway and an extensive electrification 
of the Metropolitan Railway. 

Much earlier than this, however, the City and 
South London Railway, now part of the London 
Passenger Transport Board undertaking, installed 
an underground electric railway in South London, 
and they were followed by an electric underground 
line running from Waterloo under the Thames to 
the Bank. 

The Lancashire and Yorkshire Railway, how- 
ever, in converting to electric traction the 
Liverpool-Southport line in 1904, put into being 
the first substantial electrified service. From 
that date onward electric traction came to be 
recognised as the most suitable method of dealing 
with suburban passenger traffic. In this country 
electrification has proceeded very little beyond 
dealing with passenger services, but its progress 
in that direction, particularly on the Southern 
Railway system has been most marked. This 
may fairly be attributed to the pronounced 


technical advantages which the multiple-unit 
motor coach train possesses over any of its rival 
systems. The economic, as apart from the 
operational, aspects for a long time held back 
more extensive electrification of main _ lines, 
largely operating freight services, in a country 
where “coal was cheap.” The future, with 
conservation of coal a vital necessity, may bring 
about a change of view. 

The associations of The English Electric Com- 
pany with the development of British railway 
electrification starts at the beginning and was at 
no time closer than at present. As is well-known 
The English Electric Company, in its present 
form, came into being in 1919, but one of its 
constituent firms, Dick, Kerr & Co., was the 
pioneer in Great Britain of electric traction in 
any form, and another constituent firm, Siemens, 
of Stafford, contributed the first main line 
locomotive-operated system in this country. 

The first association that the Company had 
with railway electrification was the provision in 
1899 of five motor coaches for the Waterloo and 
City Railway. These were built by the United 
Electric Car Company of Preston, then a subsidiary 
of Dick, Kerr & Co. 


LIVERPOOL-SOUTHPORT RAILWAY. 


The electrification of the Liverpool-Southport 
Railway in 1903 was, however, the first contract 
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Fig. 1.—Elcctric Trains on the Liverpool-Southport Line of the Lancashire and kW. 


Yorkshire Railway. 


of real magnitude, and at that time provided the 
first substantial application of electrification to 
a normal surface line. Dick, Kerr & Co. carried 


out the whole of the work with the exception of 


the coaches which were built by the railway 
company. 

The third rail system was adopted, with a 
voltage of 600 volts, direct current, supplied by 
rotary convertors of ‘“‘ Dick, Kerr’’ manufacture. 
The power station was at Formby, midway 
between Liverpool and Southport, supplying 
power at 7,500 volts, 25 cycles, 3-phase. 

The first trains were driven by eight 150 H.P. 
motors—four on each motor-car—and the control 
used was of the direct 
type, each controller 
being arranged with two 
barrels, to control the 
four motors per car. 

The effect of electrifi- 
cation of this important 
line was to reduce, from 
54 to 36 minutes, the 
running time for stop- 
ping trains between 
Liverpool and Southport, 
and the number of trains 
per day was increased 
from 36 to 70. 

Shortly after the com- 
pletion of the 21 miles 
of double track between 
Crossens (3 miles beyond 
Southport) and the Ex- 
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arranged for between the 
Lancashire and York- 
shire Railway and the 
Liverpool Overhead Rail- 
way, a junction being 
made at Seaforth. This 
interesting project, which 
runs through Liverpool's 
dockland area, was sup- 
plied by Dick, Kerr & 
Co., with its electrical 
equipment. 

The success obtained, 
and the popularity of 
the service, led to ex- 
tensions, and in. due 
course 83 miles of single 
track were adapted to 
electric working. To 
provide the additional 
power required a 4,000 
turbo-alternator 

was installed in the 

Formby Power House, 
additional substations were built, the old sub- 
stations enlarged in capacity, and battery stations 
added to compensate for the increased voltage drop 
on the rail. The new rolling stock required was 
provided with the Dick, Kerr ‘Series’ multiple- 
unit control, the horse-power of the motors 
remaining the same. 


LONDON AND NorTH EASTERN RAILWAY. 


The company’s connection with the London 
and North Eastern Railway commenced in 
1919. Partly as an experiment, and partly to 
deal with a very heavy mineral traffic, the railway 
decided to electrify the Newport-Shildon branch, 


+ 


. . 7; ‘ 6 "Mentese e otine Tha -Newy ; Pa . 
change Station, Liver- Fig. 2.—72-ton Electric Locomotive on the Shildon-Newport Mineral Branch 


pool, inter-running was 


of the North-Eastern Railway. 
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Fig. 3.—Two 5,000 kW., 1,500 R.P.M., Dick, Kerr Steam Turbine Sets in 
Clifton Junction Power Station, Lancashire and Yorkshire Railway. 


with locomotive haulage on a 1,500-volt system. 
The locomotives which were equipped by Siemens 
were as illustrated in Fig. 2. This also was a 
pioneer electrification in this country and for 
many years was the only example of 1,500 volt 
overhead construction amd electric locomotive 
operation here. Operations eventually ceased 
owing to the falling off in coal and mineral traffic 
in this area. 


THE First 3,000-Vott D.C. EQuirpMENT. 


The year 1912 was memorable for the construc- 
tion of the first 3,000-volt traction equipment, 
not only in this country but in the world. The 
Lancashire and Yorkshire Railway set aside a 
5 mile section of their line from Bury to Holcombe 
Brook to prove the practicability of high-voltage 
D.C. operation, and Dick, Kerr & Co. undertook 
the equipment. The length of line chosen 
presented all the characteristics of an ordinary 
railway, including a length of tunnel, a 400 ft. 
viaduct, low bridges, a complicated shunting 


yard, a junction at Bury itself, and a gradient of 


2.5 per cent. The equipment consisted of two 
motor coaches with two trailers. The coaches 
were driven by four 250 H.P. motors, each motor 
being wound to give its output at 1,750 volts, 
two being connected in permanent series. The 
overhead line of the single-catenary suspension 
type was fed at 3,500 volts from a substation at 
the Holcombe Brook end of the line, where a 


motor-generator set was installed, consisting of a 
single D.C. generator driven by an_ induction 
motor fed from the Lancashire Power Company’s 
system. 
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MANCHESTER- Bury. 


Following on the high 
degree of technical suc- 
cess achieved on _ the 
Bury-Holcombe Brook 
line the railway decided 
to electrify the line from 
Manchester to Bury. 
Owing to what were then 
considered difficulties in 
overhead line construc- 
tion in heavy traffic ter- 
minal stations, third rail 
was adopted with a volt- 
age of 1,200, the highest 
permissible with this 
type of contact. The 
installation was in hand 
when war broke out in 
1914, but in spite of 
difficulties the work was 
carried on and com- 
pleted. The whole of the 
power house generating plant including two 
5,000 kW. steam turbo-alternators, and all the 
substation equipment was supplied by Dick, 
Kerr & Co. The train control equipments were 
also supplied, and the motors were built to 
Dick, Kerr designs by the railway company. 


SouTH Eastern RatLway. 

LONDON AND SouTH WESTERN RalLway. 

While these electrifications had been proceeding 
in the north of England the South Eastern and 
the South Western, both since merged into the 
Southern Railway, had been proceeding to 
electrify suburban routes on the south side of 
London. 

In the South Western system, Dick, Kerr & 
Co. installed five 5,500 kVA. turbo-alternators 
and switchgear in the main power station at 
Wimbledon. Later, on the South Eastern 
system, they provided the rotary convertor 
equipment and switchgear for seven substations. 


1918 To 1939. 

The years immediately succeeding the first 
World War were not remarkable for the develop- 
ment of electric traction at home, though abroad 
many schemes were initiated. But the constitu- 
tion of British railways themselves underwent a 
a marked change. Amalgamation merged the 
whole of the systems into four groups. Of these 
the Southern Railway alone proceeded steadily 
with the earlier electrification plans of the South 
Eastern and South Western. 

During this period also, attempts were made 
to establish a standard voltage, which resulted 
in recommendations for what was in effect 











THE ENGLISH ELECTRIC JOURNAL 286 


oe Ee 


Se analllllemeetl 





Fig. 4.—One of the Southern Railway passenger and freight traffic electric locomotives 
hauling a goods train. 





Fig. 5.—Electric Motor Coach Train on the Southern Railway. 
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Fig. 6.—Servicing Diesel-electric Locomotives on 
the L.M.S. Railway. 


multiples of 750. It was assumed that systems 
already operating at 600 volts could operate up 
to 750 volts, the approved voltages became 
600/750, 1,500 and 3,000 volts. 


SOUTHERN RaiLway. 

In 1925 the company began to supply traction 
motors to the Southern Railway and in 1936 
arrangements were made by which all this rail- 
way’s traction equipments were manufactured 
by the English Electric Company for a period of 
ten years, an arrangement which was renewed 
for another period of ten years in 1946. 

As is well-known the Southern Railway operates 
on 600-660 volts third rail and while this offers 
no difficulties for multiple unit motor coach 
trains, the gaps in the conductor rail present a 
number of problems to locomotive operation. 
Since 1936 many hundreds of train equipments 
have been supplied and put into service, but the 
outstanding technical achievement has been the 
provision of general service locomotives, illus- 
trated in Fig. 4. It can be claimed that this is 
the only successful type of locomotive which any 
railway has put into operation on a system of 
this nature. 

ach locomotive is equipped with six motors, 
electrically arranged in groups of three, and each 
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group is connected to the generator of a motor- 
generator set which can either ‘“ buck’ or 
“boost ’? the voltage across the motors. The 
stored energy of the rotating parts of the motor 
generator set which is also provided with a 
flywheel is sufficient to propel a locomotive with 
its hauled stock over any length of gap in the 
third rail, even from standstill. At the same time 
control of the locomotive speed, being affected 
through the field system of the motor generator, 
is very smooth and free from snatching. 

The Waterloo and City Railway, mentioned 
as being one of the first electric railways in 
operation was re-equipped shortly before the 
recent war, both rolling stock and equipments 
being built by The English Electric Company. 


LONDON AND NortH EastTeRN RatLway. 

The London and North Eastern Railway 
Company decided, in 1939, to electrify the 
heavily loaded part of their system between their 
London terminus at Liverpool Street and Shen- 
field, and The English Electric Company were 
given the contract for the electrical equipment 
for 92 three-coach electric trains to operate at a 
voltage of 1,500 volts on the overhead system. 
The outbreak of hostilities in that year held up 
the work but it was resumed in 1947, and is now 
in progress. It is hoped that trains will first run 
under electric power on this route in 1948. 


DigsEL-ELEcTRIC TRACTION. 

Particular mention must be made of this 
development. The English Electric Company, 
long associated with the development of the diesel 
engine, put into operation on the London Midland 
and Scottish Railway a 350 H.P. diesel-electric 
shunting locomotive in 1934. Shortly after they 
supplied a further ten locomotives to the same 
railway, three to the Southern Railway, and one 
to the Great Western Railway. This type has 
been so successful that a further 185 equipments 
have been built or are under construction, to 
orders, from all the four main line railways. 

A considerable number of these already in 
service in 1939 were requisitioned for war service 
and served with distinction on the Near East and 
European fronts. 


A Unique UNDERGROUND RaltLway. 

While perhaps not coming into the category of 
British railways in the accepted sense of the 
word, the Post Office (London) Railway merits 
mention on account of its special technical 
features and because of its high utility factor. 

In 1924 the General Post Office authorities, in 
London, contemplated linking a numberof their 
principal sorting offices by an underground 
electric railway. The unique feature of the scheme 
was that the operation was to be entirely auto- 
matic, without train crews. 
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Fig. 8, 








Five-car Electric Train on the Liverpool-Southport section of the L.M.S. 
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The Company put forward a scheme to meet 
these difficult conditions, and were awarded the 
contract which embraced the rolling stock for 
6} route miles, substation gear, high-voltage and 
low-voltage cabling, and all ancillary plant. 


THE COMPANY AND THE RAILWAYS. 


This brief account of the work carried out by 
the Company for the British railways makes clear 
the long historical association between them and 
the extent and variety of equipment supplied. 
That in itself, however, is only part of the picture, 
it only describes the finished painting which is 
on view to the public, but does not show the 
preparatory sketches, the planning of the subject 
or the mixing of the colours. The development 
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of electric traction, which has taken place well 
within the space of one lifetime, is due to continual 
co-operation between the railway operators and 
engineers, on the one part, and manufacturers, 
engineers and designers on the other. Space is 
too limited to list the many eminent railway 
engineers of the past and the present who have 
contributed so largely by their experience to the 
development of the modern traction equipment, 
its power supply and transmission. But tribute 
must be paid to their influence and help which is 
complementary to the design and manufacturing 
skill of the contractor. It is this happy associa- 
tion which began early and endures to-day, which 
has made British electrification outstandingly 
successful. 


Aero Engine Development from 1903. 


We acknowledge with grateful thanks the considerable assistance given by ‘ Flight”? in permitting 
access to their historical files and supplying illustrations of the older types of engines. 


By R. P. TAYLOR, A.M.I.Mech.E., Development Department, D. Napier & Son, Ltd. 


INTRODUCTION. 


The development of the aero engine from the 
commencement of flying until the present day, 
has been a remarkable achievement, and to 
condense it within the confines of this article, 
must of necessity mean that many aspects of the 
subject can only be very generally touched upon, 
although almost any one in itself would provide 
sufficient material for a book. 

It is indeed a long step from the early Wright 
engine of 1903, to the reciprocating engines and 
gas turbines of to-day ; from the unreliability of 
these early types to the comparatively long 
trouble-free life at much higher duties, which is 
an accepted commonplace of modern engines, 
and the advances brought about have been due 
to a variety of factors. Improvements in fuels, 
materials, oils, design and unremitting care in 
manufacture have all played their parts, and the 
culmination of these efforts is well represented 
by the Napier Sabre Series VII engine, which 
has recently completed its second Air Ministry 
Type Test. Figs. 1 and 2 show the early Wright 
engine and the Napier Sabre, and whereas the 
Wright engine developed 12-15 H.P. with a power 
weight ratio of approximately 17 1lb./B.H.P., 


the Sabre develops 3,055 B.H.P. with a power 
weight ratio of .83 lb./B.H.P. 


PERIOD 1903-1914. 

Early types of engines suitable for use in 
heavier than air aircraft, were modelled on motor- 
car practice, and although perfunctory attempts 
had been made to lighten them, this was only 
done in order to enable the aircraft to fly at all. 
The realisation that aviation was a_ practical 
success and had a definite future led immediately 
to the design and development of suitable engines, 
in which field, France held a definite lead. She 
produced the 50 H:P. Gnome rotary engine 
weighing just over 3 lb./H.P. in 1908, and this 
was quickly followed by larger versions, in which 
the weight was further reduced to 2} lb./H.P. 

It is of interest to recall here, that a 5-cylinder 
water-cooled radial engine, designed specifically 
for aircraft use, had been built and tested in 
America as early as 1903, but the project was 
dropped because of initial setbacks and a general 
lack of interest. This engine gave a power weight 
ratio of 3.6 lb./B.H.P. 

Many different engines were designed during 
the early days of flying, and almost all were 
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although cast-aluminium crank- 
cases were in general use except 
on the rotary engines, but the 
technique of light alloy pattern 
making and casting, resulted in 
very poor components with a 








Fig. 1— Wright Bros. Aero Engine 12/15 H.P. which flew in 1903. 


water cooled, fairly heavy and not very efficient, 
but by 1908 the air-cooled radials, almost 
exclusively at first of the rotary type, began to 
be represented by Gnome, Le Rhone and Clerget. 
One of the most successful of these was the 
100 H.P. Gnome Monosoupape (Fig. 3), which 


was introduced in 1914, and was used in many of 


the early allied aircraft during the initial stages 
of the 1914-18 war. It was a rotary engine, 
having one valve per cylinder, which was used 
both as an exhaust valve, and an air inlet port, 
the mixture being drawn into the 
cylinders through a belt of ports 
over-run by the pistons, and 
situated at the inner ends of the 
cylinder barrels. 

These rotary engines brought 
about a breakaway from the 
existing use of cast-iron cylinders, 
which material had hitherto been 
generally employed because of 
its excellent wearing qualities 
under rubbing friction, and _ its 
ease of casting and machining. 
Its weakness in tension and bend- 
ing, however, necessitated very 
thick and heavy sections, and 
this could not be tolerated in a 
rotary engine with its already 
high gyroscopic forces. Steel 
cylinder barrels were therefore 
adopted, although in at least one 
instance, these were shrunk on 
to thin cast-iron liners. Pistons 


were manufactured in cast iron, Fig. 2.—Napier ** Sabre’? Series VII 3055 B.H.P. Aero Engine. 


high degree of foundry scrap. 

The performance of the wide 
variety of aircraft engines, manu- 
factured between 1903-14, indi- 
cated that although the power 
weight ratio had been reduced 
from approximately 7-9 Ib./ 
B.H.P. to approximately 3 lb./ 
B.H.P., the B.H.P./Litre capacity 
had remained fairly constant at 
approximately 7-10 B.H.P./Litre, 
which represented a B.M.E.P. of 
the order of 60. This latter point 
may perhaps be explained when 
one considers the limitations in 
speeds and fuels imposed upon 
the designer of those days. 

The average engine speed was 
of the order of 1,200-1,400 R.P.M., 
higher speeds being precluded by the high recipro- 
cating weights then common, coupled also in the 
case of the rotary engines, with the very high 
gyroscopic forces present. Compression ratios 
were comparatively low, and attempts to increase 
them led to troubles being experienced with 
abnormal overheating, and _ piston failures, 
probably caused by detonation and/or pre-ignition 
due to the poor standards of fuels then in use. 
Engine cooling also left much to be desired, and 
this was not helped by the low air speeds available, 
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Fig. 3.—100 H.P. Gnome Monosoupape 
Rotary Engine. 


and altogether, the lot of the engine manufacturer, 
usually a small specialist firm, was not a very 
happy one. . 

PERIOD 1914-1918. 

The advent of World War I saw us with only 
one British engine of real merit, i.e., the R.A.F. 
engine, and for the first few years, we were forced 
to depend upon engines of French manufacture 
or design to power our aircraft. Fortunately the 
tasks undertaken by aircraft during these first 
two years were mainly scouting and spotting, 
and the engines available which were of approxi- 





Fig. 4.200 H.P. R.A.F. 3.A Engine. 


The last of the series which was developed and manufactured by 


D. Napier & Son, Ltd., during the 1914-18 war. 
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mately 80-160 H.P., proved fairly adequate. 
The predominant types used by Britain were :— 

(1) Air-cooled Rotary’s : represented by 
Gnome, Clerget and Le Rhone. 

(2) Air-cooled in line V engines : designed by 
the Royal Aircraft Factory (Fig. 4) and Renault. 

(3) The 160 H.P. Beardmore liquid-cooled in 
line (Fig. 5). 

The fact that there was very little air warfare 
in the first few years, allowed time for the most 
important car firms in this country to enter the 
aero engine field, either with their own designs or 
with those from France or the Royal Aircraft 
Factory, and Messrs. Napier, Rolls Royce, and 
Brazil Strakers were among them. Each of these 
three firms started development on engines of 
their own design, the first two being water cooled, 
and the last-named initiating the Cosmos Jupiter, 
which was the prototype of the Bristol Series of 
air-cooled radials. 

By the time that changes in the character of 
air warfare led to urgent demands for more and 
more power, the British designed engines were 
becoming available, and over the final 2} years 
of the first World War, the following types played 
a large part in gaining the ascendancy, which 
British engines have held ever since :— 

(1) Rolls Royce Falcon, 280 H.P., V.12, water- 

cooled. 

(2) Rolls Royce Eagle, 365 H.P., V.12, water- 

cooled (Fig. 6). 
(3) Wolseley Viper, 220 H.P., V.8, water-cooled. 
(4) Siddeley Puma, 240 H.P., six-cylinder, 
water-cooled (Fig. 7). 

(5) Bentley, 240 H.P., nine-cylinder rotary, air- 
cooled. 

The 400 H.P. Liberty engine, of 
American manufacture, did not reach this 
country in sufficient numbers to play any 
major part in the war effort, although a 
production flow was just commencing at 
the time of the Armistice (Fig. 8). 

The majority of engines employed 
direct drive to the propellers, which were 
of the 2 or 4-bladed fixed-pitch, wooden- 
type, although Rolls Royce were already 
using reduction gearing. 

Supercharging was not employed on 
any operational engines, although several 
types of superchargers, both exhaust and 
mechanically driven were manufactured 
and tested experimentally at the R.A.E., 
and the effects of maximum altitudes, of 
the order of 18,000-20,000 feet were al- 
ready being felt in mixture distribution 
and loss of power. 

The metallurgists initiated an important 
development during the latter part of the 
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Fig. 5. 


1914-18 war, and that was the introduction of 
aluminium pistons. This change not only reduced 
inertia loadings, but also resulted in a much cooler 
piston, with consequent beneficial effects upon 
volumetric efficiency, and in addition, it permitted 
slightly higher compression ratios to be used 
without risk of detonation or pre-ignition. At 
first, these pistons followed along automobile 
lines, using aluminium alloyed with copper, but 
later in the war, the material known as 
“YY” alloy was developed. This had 
greatly improved strength properties at 
the higher temperatures, resulting in a 
longer life of the components. 

No light-alloy forgings were used on 
engines of this period, sand castings only 
being employed and when judged by 
present-day standards, these left much to 
be desired. Magnesium alloys were being 
tentatively explored, but little was known 
about them, and none were actually used 
on aero engines. 

The position regarding steels was 
rather different, as various firms in pre-war 
years had focused considerable attention 
on the production of high-quality steels 
for automobile gears and shafts. Al- 
though there was little to choose in the 
matter of maximum stress between steels 
available then and now, the “ cleanness ”’ 
and consistency of the metal has improved 
very considerably, and very few of the 
special steels in use to-day were available 
to the engine designer then. For 
instance, the lack of suitable heat-resist- 
ing steels began to be felt towards the 


Beardmore 160 H.P. Water-cooled 6-cylinder in-line engine. 


Fig. 6. 
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end of the first World War, as 
the higher M.E.P.’s being ob- 
tained with the later engines, 
coupled with the poor fuels 
available, led to pitting and 
burning of valve seats. 

The fatigue properties of the 
steels were also rather low, and 
the nitriding process has since 
played a large part in improving 
this, especially at changes of 
section, fillets or surface irregu- 
larities, in addition to improving 
the load carrying capacity when 
in contact with bearing alloys. 

A comparison of weight and 
output between engines of the 
early 1914-18 war years, and 
those at the end, shows that the 
rate of reduction in specific weight 
was reduced (3 Ib./B.H.P. to 
2} lb./B.H.P.), but the engine 
output was beginning to improve 


(7-10 H.P./Litre) to approxi- 
mately 18 H.P./Litre) although the Bentley 


Rotary still remained at 10 H.P./Litre. 

This improved engine output was due both to 
higher rotational speeds and to higher B.M.E.P.’s, 
the one having increased from 1,200-1,400 R.P.M. 
to 1,800-2,000 R.P.M., and the other from 
60-80 B.M.E.P. to 100-120 B.M.E.P. in the case 
of the highest powered liquid-cooled engine in 
operation. Compression ratios, although slightly 





Rolls-Royce ** Eagle” 365 B.H.P. 


water-cooled engine. 
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engine. 


higher were still limited by the fuels available, 
and although some work had been done on fuels 
prior to the war, this had been suspended. 
Various types of petrol were in use, some of which 
had been blended with benzol or other compounds, 
which had been found by experience to be 
beneficial in suppressing detonation. 

The reliability of engines at the end of the first 
World War, although poor, judged by present-day 
requirements, represented a considerable im- 
provement over engines in use at the commence- 
ment. The overhaul periods were of the order 
of 100 hours, whilst the early rotaries gave only 
about 30-40 hours between overhauls, and this 
improvement is the more meritorious in view of 
the increased performance being obtained. 

The years 1914-18 can truly be said to have 
seen the aero engine industry of this country 
placed upon a sound basis, backed by a metal- 
lurgical industry which had already established 
the framework of the methods and 
analysis procedure, covering the produc- 
tion and testing of materials for the 
special requirements of the aero engine. 


PERIOD 1919-1939. 

The end of the first World War saw 
a general desire for disarmament, and 
this reflected sharply upon the aero engine 
industry. The majority of the firms 
which had entered it during the war, 
reverted to their pre-war activities and 
Messrs. Napier, Rolls Royce, Bristol, 
and Armstrong Siddeley represented the 
leading firms in Britain, which continued 
their aero engine development. These 
four firms have since 1918 formed the 
backbone of the military aero engine 
industry of this country. Napier and 
Rolls Royce concentrating chiefly on 


Siddeley “ Puma” 240 H.P. 6-cylinder water-cooled 


Fig. 8 
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liquid-cooled engines, whilst Bristol and 
Siddeley carried on with the air-cooled 
radials, the former firm having taken 
over the Brazil Straker Cosmos Jupiter. 

Since the first inception of aero engines 
there has been a continual controversy 
as to the rival merits of air and liquid- 
cooled motors, and this has continued up 
to the present day. The air-cooled may 
have represented a more attractive pro- 
position when “plumbing” troubles 
were common, and vulnerability was a 
factor to be considered, especially as the 
effects of frontal area on drag were not 
so noticeable at the relatively low air- 
craft speeds existing in the early days. 
As development proceeded, however, 
some of those factors no longer applied, 
whilst others began to weigh rather 
heavily against the air-cooled, especially 
of the radial type, with its large frontal area. 
In addition, and with the increase in performance 
continually demanded from an engine of a 
given capacity, the bias seemed to be in favour of 
the liquid-cooled types. 

However, with the advent of forged aluminium 
heads and sodium cooling of exhaust valves, 
better heat-resisting steels for valves and seats, 
the introduction of deep machined finning and the 
Townend ring with its developments, the air- 
cooled radials received a fresh impetus, and for a 
time displaced the liquid-cooled in line engines 
for front line fighters. Latterly its role in this 
country has been chiefly confined to bomber and 
civil types, both of the light and heavy class, 
and liquid-cooled engines have been used almost 
exclusively to power the fighter aircraft. 

In America, on the other hand, the air-cooled 
engine has reigned supreme, partly perhaps 
because of the extremes of climate under which 





“* Liberty” 400 H.P. 


water-cooled Aero engine. 
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Fig. 9.—Original Napier ‘‘ Lion”? Aero engine 450 B.H.P. 


it has to operate, and partly because it has 
received more intensive development than has 
the liquid-cooled type. 

The Napier company entered the field at the 
end of the first World War, with an engine of its 
own design, and this engine, the 450 H.P. Napier 
Lion (Fig. 9), represented at that time the most 
advanced type in the country. It was developed 
until, in 1933, under the stimulus of the Schneider 
Trophy races, it was giving 1,450 B.H.P. for a 
specific weight of .76 lb./B.H.P. (Fig. 10). 
Although this phenomenal increase in performance 
was peculiar to the racing engines, using specially 
prepared fuel and with a lower margin of safety, 
yet the experience gained was of great benefit to 
future designs. 

This ‘‘ Lion” engine was produced during the 
very difficult years from 1919-25, and several 
promising developments from it had to be 
dropped, because of the lack of the necessary 
financial aid to cover the heavy 
costs of such work. It is of 
interest to point out here, that 
whereas in the early days of 
flying, 3-6 months was all that 
was necessary to produce a new 
engine, a period of 5 years, 
with its attendant increase in 
development costs, is now con- 
sidered quite a fair time in which 
to bring a piston engine from the 
design to the production stage. 

The Napier Lion was used to 
power the majority of the military 
and large civil aircraft during the 
years 1919-25, and a brief des- 
cription of it may be of interest. 
It was a 12-cylinder engine of 
5} in. bore and 5} in. stroke, 


i . Fig. 10. 
and was arranged in 3 banks with 
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an angle of 60° between the banks. 
Each bank consisted of 4 cylinders 
of steel, with steel water jackets 
welded to the barrels, and each 
4 cylinders were secured to a 
common aluminium head casting. 

The crankshaft bearings were 
of the roller type, and it was 
initially fitted with whitemetal- 
lined connecting rod _ bearings. 
The limitations of this , bearing 
metal led to the development of 
the lead-bronze-lined bearings, 
which, provided the oil was filtered 
to remove gritty matter, were 
found to give much _ superior 
results. 

It was initially produced in 

1919, giving a B.M.E.P. of 
115.5 lb./o”, a specific weight of 
1.9 lb./B.H.P., and a specific output of 19.6 
B.H.P./Litre at 2,200 R.P.M., and was developed 
to give a B.M.E.P. of 218 lb.o” by super- 
charging for a specific weight of .76 |b./B.H.P., 
and a specific output of 60.5 B.H.P./Litre at 
3,600 R.P.M. 
» Meanwhile, the Bristol Company had proceeded 
with the production and development of their 
9-cylinder radial engine, the Jupiter, which, with 
its developments has remained the most successful 
air-cooled radial engine in this country, and was 
produced under licence by 14 different countries 
(Fig. 11). 

Rolls Royce introduced the Kestrel engine in 
1927 which was a V. 12 liquid-cooled type, using 
for the first time, cylinders of monobloc wet liner 
construction. This construction is now in 
general use on liquid-cooled engines, and results 
in a very neat and compact layout. The Merlin 
and Griffon have been developed from this very 





Napier Racing “‘ Lion” Series V11.D. 1450 B.H.P. 
Holder of present world land speed record at 369.74 M.P.H. 
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Fig. 11.—Bristol “ Jupiter” 400 A.P. radial 


air-cooled engine. 


successful type, the first named of which did so 
much to attain the supremacy which our aircraft 
showed over the enemy in the late war (Fig. 12). 

A comparison of specific weights, outputs and 
B.M.E.P.’s of the Napier Lion, Rolls Royce Kestrel, 
and the Bristol Jupiter and Pegasus, from their 
inception until 1939, is shown in Figs. 13, 14 and 
15, the “ kick-up”’ at the end of the Lion per- 
formance being brought about by supercharging, 
and applying only to Schneider Trophy engines. 

It will be seen from the curves that the 
B.M.E.P.’s of the radial air-cooled type, although 
initially below those for 
the liquid-cooled, were 
later running very close, 


and represented  im- 
provements brought 
about by— 
(a) Increase in com- 
pression ratios, 


made possible by 
the introduction of 
forged pistons and 
cylinder heads, 
with deep = ma- 
chined finning on 
heads and barrels, 
together with im- 
proved combustion 
chamber design. 
(b) Better fuels, made 
possible by  ad- 


Fig. 12. 
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vances in valve materials, able to withstand 
higher heat stresses and lead attack. 

(c) Improved valve design, including sodium- 
cooled valves of heat-resisting steels and 
stellite valve seats, permitting super- 
charging to be employed. 

The lower output per litre of the air-cooled 
radial is mainly due to the lower engine speeds 
necessitated by the larger cylinder sizes and 
therefore higher inertia loadings, coupled with the 
fact that these loadings have all to be carried by 
one, connecting rod big-end bearing which, 
although of the fully floating type, was always 
operating very close to its limit. 

The necessity for supercharging to offset the 
loss of power experienced with naturally aspirated 
engines at altitude, was early recognised, and as 
already mentioned, experiments with exhaust- 
driven superchargers were in progress at Farn- 
borough in 1918. Successful flight tests were 
made, but this type of supercharger was dropped, 
because of low efficiency and the fire hazard, 
although had present-day materials been avail- 
able, the efficiency could have been considerably 
improved. 

The gear-driven centrifugal supercharger was 
therefore developed, and this type has been 
incorporated on the majority of military engines 
from about 1926-27, and has been developed to a 
high degree of efficiency. The apparent delay in 
the introduction of supercharging was partly due 
to mechanical difficulties regarding impeller 
bearings suitable for the high rotational speeds 
required, and to the need for some form of 
slipping clutch or spring drive, to compensate for 
the shock loadings and rapid inertia changes 
experienced by the impeller and its drives. This 
type of supercharger is usually arranged at the 
rear end of the engine, and is driven by stepped-up 
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gearing from the rear end 
ofthe crankshaft, through 
some form of spring 
drive. ea eRe Fs rt Ba 

The first supercharged : 
engine to appear in ser- 
vice was the Armstrong 
Siddeley Jaguar, which 
had a rated boost of 
-$ lb./o” and a rated 
altitude of 9,500 ft. This 
engine was quickly follow- 
ed by the Bristol Jupiter 
VII with a rated boost 
ard altitude of —141b./n" 
at 12,000 ft. A “gated” 
throttle was used on both 
these engines, in order to 
prevent full throttle 
being used at sea level, 
which, by increasing the 
volumetric efficiency and 
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charge temperature, 

would have resulted in f 

detonation with the fuels 10 
then available. Even 1920 


had the fuels been avail- 
able, the materials used 
for valves and pistons, - 
could not have withstood 
stresses. 

Whilst this type of control was fairly satis- 
factory for civil machines, it was not so for 
military machines, as it represented an extra 
duty added to the already numerous responsi- 
bilities of the pilots of machines, subject to 
aerobatics, and in consequence the engine was 
often abused. 

A mechanical means of controlling induction 
pipe pressures was therefore sought, and resulted 
in the introduction of the automatic boost 
control. This consisted of a capsule stack, 
exhausted of air, attached to a sliding valve and 
fixed to the cover of an airtight chamber. Lands 
on the valve controlled the engine oil supply to 
a servo-piston, which controlled the linkage 
between the pilot’s throttle lever and the car- 
burettor throttle lever. An increase in induction 
pipe pressure, caused the capsule stack to shorten, 
oil entered the top side of the piston and forced 
it downwards, thus correcting the throttle 
opening to suit. This meant that the boost 
control only permitted the throttle valves to 
open sufficiently to obtain the predetermined 
boost pressure, even if the pilot selected full 
throttle in the cockpit. 

One difficulty with the early supercharged 
engines was the loss in take-off horse-power, due 
to the power required to drive the supercharger. 
Pressure ratios and efficiencies of those days gave 
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Fig. 15.—Performance Curves. 

a temperature rise of about 55° C., which resulted 
in an induction pipe temperature of approximately 
60° C., even allowing for the cooling effect of the 
petrol. With the throttling necessary at ground 
level, a charge weight no greater than for a 
normally aspirated engine could be supplied, and 
the power required to drive the supercharger 
represented a loss in the power available at the 
airscrew at take-off. A slightly lower compression 
ratio was also necessary because of the tendency 
to detonation resulting from the higher induction 
temperatures. 

The need for greater altitudes and higher boost 
pressures made possible by improved fuels, led 
to increase in impeller speeds to provide the 
increased pressure ratios and this resulted in a 
further reduction in take-off horse-power. The 
result was the introduction of engines for specific 
applications, some being moderately supercharged 
(usually for bombers or heavily loaded civil 
aircraft, where the maximum take-off horse-power 
was required), and some being highly super- 
charged for use in fighters, where altitude 
performance was essential, even at the expense 
of take-off run. It was but a short step from these 
engines to the two-speed superchargers, embody- 
ing one ratio for moderate supercharging, and 
one for high supercharging, the drives usually 
being effected through some form of clutch. 
Fig. 16 shows the effects of two-speed super- 
charging on engine performance. 
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Supercharging, which had been 
introduced in order to restore 
sea-level induction pressures at 
altitude, had thus reached the 
stage where it was used to boost osm» | 
engines in order to obtain high ce 
M.E.P.’s and high engine out- 
puts. The increased performance 
thus obtained was made possible 
by the introduction of fuels with 
a high anti-knock rating, which 
brought several troubles in its 
train, some connected with the 
higher heat stresses, and some 
with the type of fuel used. 

As mentioned earlier, the first 
attempt to improve the anti- 
knock qualities of the fuels, was 
by the blending of benzole with 
the petrol, and a considerable 
amount of design work had been 
necessary to cope with the higher 
M.E.P.’s, thus made _ possible, 
and the provision of adequate 
cooling to prevent pre-ignition, 
to which these fuels were rather 


BOOST PRESSURE 





prone. In addition, with the 
increased altitudes being de- 


manded, the high freezing point 
of benzole became a serious dis- 
advantage. This led to the intro- 
duction of leaded fuels, which were found to have 
excellent properties for suppressing detonation, 
but which, promoted heavy lead attack and cold 
corrosion. This was particularly severe on the ex- 
haust valve, which had always been a weak point 
in the engine, mainly because of its high running 
temperatures, and this component suffered badly 
due to the fusing of the lead oxide with the 
surface of the valve head and seat. 

The trouble was particularly acute on the 
air-cooled engines, again mainly because the 
cooling of these engines, although greatly im- 
proved by the provision of very deep and closely 
pitched finning, was still not comparable with the 
liquid cooled types at the operating conditions 
demanded. 

After a long period of intensive research, 
special heat-resisting steels were developed, which 
with sodium cooling of the valve, and “ stellite ” 
surfacing of the seatings, enabled this component 
to run for comparatively long periods with 
complete freedom from lead attack. The increase 
in the heat stresses also led to a deterioration in 
the strength of the light-alloy castings, then used 
for cylinder heads and pistons, but here again, 
and after considerable manufacturing difficulties, 
light-alloy forgings were developed by the 
foundries and were introduced with immediate 
success. 
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Fig. 16.—Effect of two-speed supercharger on engine performance. 


In the continual search for higher powers from 
an engine of a given capacity, the advantages of 
using very high crankshaft speeds were fully 
realised, but the increase in dynamic loadings 
indicated that this method could best be used on 
engines having a large number of small cylinders. 
Messrs. D. Napier, therefore, proceeded with the 
design and production of their “ Rapier” and 
‘* Dagger ” engines, both of which were air-cooled 
poppet valve H types, using twin crankshafts 
coupled to an airscrew shaft through reduction 
gearing. The “ Rapier ’’ was a 16-cylinder engine, 
with a maximum power of 395 B.H.P. at 4,000 
R.P.M., whilst the “* Dagger ’’ was a 24-cylinder, 
having a maximum power of 1,000 B.H.P. at 
4,000 R.P.M. Both engines were supercharged 
and were the immediate forerunners of the 
Napier “ Sabre ” (Figs. 17 and 18). 

Allied to the increases in engine powers and 
speeds, with their effects on propeller design, was 
the introduction of reduction gearing on all large 
engines, which was necessitated by the limitations 
imposed on the diameters of propellers by the 
blade-tip speeds. The development of gears to 
stand up to the heavy loadings, led to the pro- 
duction of special lubricants capable of main- 
taining oil films at these heavy duties, and also 
to experiments with various forms of plating to 
prevent ‘ scuffing ”’ of the tooth flanks. Deflec- 
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Fig. 17.—Napier “ Rapier” 395 B.H.P. 16-cylinder 
‘H’ type air-cooled Aero engine. 


tions in gear teeth and mountings also required 
consideration and various corrections to the true 
involute tooth form were evolved to cater for 
particular engines. 

Propeller design was 
also receiving a_ great 
deal of attention, but for 
a very long time the best 
propellers available were 
a compromise, either 
giving their optimum 
efficiency in high speed 
level flight, at the ex- 
pense of take-off and 
climb, or vice versa. The 
reason for this will be 
clear from a brief des- 
cription of the propeller 
functions. 

The blade of the pro- 
peller is of aerofoil sec- 
tion, like an aircraft wing, 
and to give a thrust to 
balance the aircraft drag, 
it must strike the air at 
an angle of attack. The 
blade also moves forward 
along a helical path, a 
certain distance in one 
complete revolution, the 
distance varying with the 
airspeed and engine revo- 
lutions. The angle of 
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the angle of advance, therefore varies, and with 
a fixed pitch propeller, this means that the angle 
of attack varies, and with it the thrust and 
torque. In order to maintain the optimum 
angle of attack for maximum propeller efficiency, 
at various engine speeds and powers, it will be 
seen that the pitch angle of the blades must 
therefore be variable. 

The necessity for such propellers was foreseen 
by the R.A.E., during the 1914-18 war, and 
experimental types were flying in those days, 
but owing to various control difficulties, the 
initial types produced for operational aircraft, 
were of the two-position type only. These 
provided a fine pitch for take-off and climb, after 
which the pitch was changed to suit maximum 
speed conditions, by the use of a pilot’s controlled 
lever, which operated the pitch-change mechanism 
either manually, electrically or hydraulically. 
The true variable-pitch propeller became possible 
with the development of the hydraulic governor, 
known as the ‘constant speed unit,” which 
varied the propeller pitch angle to suit the engine 
speeds. This unit consisted of a valve, which was 
raised or lowered by the action of flyweights 
balanced against a spring, and which in so doing, 
covered or uncovered ports communicating with 
a piston in the airscrew dome. Oil was fed from 
a pump in the unit, to one side or the other of 





the effective helical path Fig. 18.—Napier ** Dagger ” 1,000 B.H.P. 24-cylinder ‘H ’ type air-cooled 
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this piston, and by displacing the piston rotated 
the propeller blades in their sockets, so that after 
the pilot had selected the required revolutiors, 
the unit ensured that these were maintained. 

A major development which took place between 
the years 1918-39 was the successful application 
of the single-sleeve valve to aero engines and the 
Bristol Company, anticipating the troubles later 
to be encountered with the poppet-type exhaust 
valve, carried out a programme of intensive 
research into its possibilities. 

This type of engine produced a very attractive 
layout and had a number of decided advantages 
over the conventional poppet valve. The absence 
of any hot surface in the combustion chamber, 
permitted an increase in the compression ratio 
to be obtained, as although the piston had to lose 
its heat across two pairs of lubricated surfaces, 
yet due to the absence of the hot exhaust valve, 
the initial piston temperature was lower. A 
mechanical advantage of the sleeve valve was 
the deletion of the cam and spring-type of move- 
ment of the poppet valve, which had become a 
trouble spot as the engine speeds were increased. 
Although two or even three concentric springs 
were being fitted to provide the necessary 
acceleration, the working stresses in the materials 
were very high and any slight faults in the spring 
wire quickly led to failures. 

The design of the combustion chamber could 
also be improved with the sleeve valve, as the 
cylinder head no longer had to make provision 
for the two or four poppet valves, and larger port 
openings in relation to the cylinder swept volume 
could be adopted, with consequent improvement 
in volumetric efficiency at high speeds. 

The chief difficulties of the sleeve valve, were 
in oil control and gas tightness at the head end, 
but these have beea successfully dealt with. In 
order to provide a gas-tight joint at the head, 
rings are fitted on the head skirt, and with an 
air-cooled engine, these are liable to gumming 
troubles, due to the difficulties of cooling the 
very deeply recessed heads. This has led to the 
introduction of fabricated heads on some of the 
air-cooled engines, using head crowns of copper 
or some other high-conductivity metal, with 
skirts and flanges of aluminium. 

The sleeve itself, at least,on the Bristol range 
of engines, is manufactured in a special high 
expansion steel, in order to maintain, so far as 
possible, the correct working clearances, but this 
has not been found necessary on the Napier 
Sabre, and has resulted in a very neat and reliable 
sleeve drive. No difficulties have been encoun- 
tered with the lubrication of the sleeves as the 
combined rotary and reciprocating motion spreads 
the oil film very efficiently. In fact, the difficulty 
is to control the oil, and special wedge-acting 
rings have been developed for the Napier engines. 
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The sleeve valve engine proved very successful 
and by 1939 three types of Bristol sleeve valve 
motors were ready for production, these being 
the Perseus, the Taurus, and the Hercules. The 
first-named was a 9-cylinder single-bank radial 
of 890 H.P., the last two being 14-cylinder, 
2-bank radials of 1,130 H.P. and 1,400 H.P. 
respectively. 


1939-46. 


The early years of the late war found Britain 


PERIOD 


using air-cooled radials and liquid-cooled ‘* V ” 
engines of approximately 1,000 H.P. super- 


charged and at first all using float-type carburet- 
tors. Variable-pitch airscrews were not at first 
universally fitted, but very shortly after the 
commencement of hostilities, they were adopted 
for all aircraft, and as time went on, various 
refinements were introduced such as feathering 
propellers to prevent drag from an engine out of 
action, and reversible pitch propellers for braking. 

Development throughout the war was chiefly 
concentrated on obtaining more power from 
existing type engines by supercharging, and the 
only basically new type introduced soon after the 
commencement, was the Napier Sabre. A 
description of this engine would therefore seem 
appropriate at this stage. 

The Sabre is a 24-cylinder liquid-cooled sleeve 
valve engine, of rather unconventional layout, 
in that it employs two crankshafts geared to a 
common airscrew gear. Each pair of layshafts 
is connected by a steel balance arm, which by 
taking up a position of equilibrium about a 
central fulcrum pin permits each layshaft to take 
its full share of the load (Fig. 19). This arrange- 
ment was adopted in order to keep down the 
size of the gears and therefore the engine. 

The crankcase is of aluminium alloy, of very 
light construction (Fig. 20), the rigidity of the 
structure being obtained by the fact that long 
through-bolts clamp the two cylinder blocks and 
crankcase into one solid box-like member. The 
cylinder blocks are of aluminium monobloc 
construction, with no liners, the sleeves running 
directly in the blocks. 

The sleeves are manufactured from steel 
forgings with the driving pin integral, and are 
driven through small cranks bolted to bronze 
wormwheels. Each wormwheel drives two sleeves 
and the wormshafts which lie along the centre of 
each block are driven from the top crankshaft 
through idler gears. Forged aluminium pistons 
are fitted and both crankshaft and connecting 
rod bearings are of steel lined with lead bronze. 
The supercharger is of the single-stage two-speed 
type, the high or low speeds being engaged by 
means of a hydraulic cone type clutch. 

The initial engines gave a maximum of 2,055 
H.P. at 3,700 R.P.M. at 7 1|b./o0” boost, and 
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Fig. 19.—Napier “* Sabre”’ Reduction Gears. 


this boost was later increased to 11 Ib./o’, 
giving 2,400 H.P. with no change whatever to 
the engine. Later marks were further boosted 
until the Sabre VII now gives a maximum of 
3,055 B.H.P. at 17} lb./o” boost at 3,850 R.P.M. 

Later in the war the Bristol Centaurus was 
introduced, which was an 18-cylinder air-cooled 
double-bank sleeve valve radial engine, of approxi- 
mately 2,000 B.H.P., and this has also been 
developed to give greatly increased powers. 
Fig. 21 shows the Sabre and Centaurus perform- 
ance figures and provides an interesting compari- 
son between air and liquid-cooled sleeve valve 
engines. 

Defects often occur in engines in operational 
service which do not show up during the engine 
development, and one such which was met and 
overcome on the Sabre engine was severe wear in 
the sleeve bores. The early sleeves were of 
D.T.D. 306 (nickel-chrome steel) and the surface 
was soft. Nitriding was tried with little better 
results and several forms of plating in the bores 
also proved disappointing. Ultimately, after 
many hundreds of hours rig running, it was found 
that the» only surface which would withstand 
wear was a lapped surface, and this had to be 
allied with nitriding to neutralise both bore and 
ring wear. 


The float-type carburettor used almost exclu- 
sively at the commencement of the late war, was 
in the main very satisfactory, but as engine 
powers and altitudes were increased, it was found 
necessary to introduce a negative ‘“G”’ device 
to overcome fuel starvation during high-speed 
changes of attitude, and fuel pressure regulators 
to permit high pump pressures to be used to 
avoid vapour locks at altitude. In addition, the 
susceptibility to icing troubles necessitated the 
provision of schemes to supply hot air to the 
intake. 

The introduction of the R.A.E. injector pro- 
vided an effective remedy for these troubles, and 
with this system the fuel is delivered directly 
into the eye of the impeller where it is finely 
atomised before being distributed into the air 
delivery from the supercharger. A boost control 
is embodied in the unit, and the fuel flow is 
corrected for boost pressure, engine speed, 
induced charge temperature and exhaust back 
pressure. 

Ignition timing control was for a long while 
left to the pilot, and early attempts to vary it 
automatically with engine speed took the form 
of advance and retard mechanisms using fly- 
weights and springs. With the advent of the 
variable-pitch propeller the ignition control was 
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Fig. 20. 


Napier “ Sabre” Crankease. 


inter-connected with the governor, so that as 
engine speeds were varied the ignition timing 


was automatically varied, through a_ servo 
mechanism to suit. This still neglected the 
effects of boost pressures, however, and the 


Sabre now embodies a boost corrected ignition 
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control, so that both speed and 
load are catered for. Service 
demands led to a further simpli- 
fication and movement of a 
single lever in the cockpit, now 
selects boost, revolutions and 
ignition. 

Increasing the power from an 
engine by super-charging leads 
to increases in heat stresses, 
and cooling has therefore to be 
improved to prevent detonation, 
and to eliminate cylinder block 
distortions. Coolant pressures 
and flow rates have been in- 
creased, and cylinder head de- 
signs are continually under 
review to ensure complete free- 
dom from hot spots. Very 
careful control of castings is 
essential, as all metal must be 
free from hidden defects and 
all cored passages free from 
obstructions of any kind. 

The high boost pressures now demanded also 
necessitate methods being introduced to reduce 
the charge temperatures, and two-speed, two- 
stage supercharging, using intercoolers between 
the final stage and the engine was utilised for the 
Rolls Royce engine. By this means the power 
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Fig. 21.—Napier “ Sabre”? and Bristol “ Centaurus” Performance Curves. 
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of the Merlin has been increased to a maximum 
of 1,970 B.H.P. at sea level, using 25 I|b./o” 
boost, representing nearly 100 per cent. gain in 
output from an engine whose capacity has 
remained unchanged. 

The Sabre VII, with a two-speed single-stage 
supercharger, utilises water methanol to permit 
a boost of 17} lb./o” to be used, but it is 
possible that wet liners will be necessitated at 
boosts much higher than this, to offset cracking 
of the blocks, and the differential expansion of 
the steel sleeve and aluminium block. 

Throughout almost the whole life of the aero 
engine the aircraft designer has been demanding 
more and more power, and with very little 
decrease in parisitic drag of the aeroplane being 
possible, a slight increase in speed demanded a 
disproportionately large increase in power. Exist- 
ing types of engines could be developed, probably 
using more cylinders and higher supercharger 
pressures, with attendant mechanical and thermal 
difficulties, but in 1944 came the announcement 
that we were using gas turbines to power aircraft 
in the Royal Air Force. The gas turbine has been 
used for internal combustion engine supercharging 
for a long time, but tmprovements in materials 


for blades, coupled with increased efficiencies of 


compressors has brought it to the stage where 
it now more than rivals the reciprocating engine 
as the aircraft prime mover. A gas turbine 
consists of three main components :— 

(a) A compressor. 

(6) A series of combustion chambers in which 

fuel is injected and burned. 

(c) A turbine driving on a 

with the compressor. 

Air is taken in and compressed by the com- 
pressor before delivery to the combustion cham- 
bers, where fuel is injected and burnt continuously 
at almost a constant pressure. The heat released 
by the fuel expands the air, and forces it at a very 
high velocity through the turbine wheel, thus 
causing the wheel to rotate and drive the com- 
pressor. With pure jet propulsion all the power 
developed by the turbine wheel is absorbed in 
the compressor, and the aircraft is propelled 
solely by the thrust due to the change of mo- 
mentum of the mass of air handled by the unit. 
In the case of the propeller turbine-combination 


common = shaft 


THE ENGLISH ELECTRIC JOURNAL 


the products of combustion are made to do more 
work in the turbine, which then drives the com- 
pressor and a propeller, any residual energy left 
in the exhaust gas being utilised in the form of 
thrust. 

Only a certain proportion of the air actually 
taken into the engine is used to provide the 
necessary combustion air/fuel ratio of about 
14.1, the remainder which increases the ratio to 
about 60.1 is used to reduce the combustion 
temperature to about 800° C. at the turbine 
wheel. 

Kerosene is the usual fuel used, anti-detonating 
qualities not being important because of the low 
working pressures, but calorific values being of 
prime importance. Lubrication is comparatively 
simple as all motion is purely rotary, and all 
structures can be relatively light. 

The jet propulsion unit is particularly well 
suited for high-speed flight, as its propulsive 
efficiency improves with speed, whilst that of 
the propeller decreases. The thrust also increases 
due to the ram effect in the air intake, but one 
of the drawbacks at the present time is the 
rather high specific fuel consumption. This is 
partly due to the fact that the gas turbine is 
essentially a full-throttle engine, the pressure 
ratio across the compressor falling off with 
decrease in speed. 

The propulsive efficiency of a pure jet is low 
ut low speeds, whilst that of a propeller is high, 
and this has led to the development of the pro- 
peller-turbine engine, for the lower range of speeds 
and altitudes. This type of power unit requires 
reduction gearing, which means that the weight 
will be higher than for a pure jet. 

It was previously mentioned that the specific 
fuel consumption of a gas turbine is rather 
higher than the normal piston engine, and much 
work on blade materials requires to be carried 
out before this can be greatly improved. At the 
moment only the lower range of temperatures 
produced by the combustion of the fuel are used 
in a gas-turbine, whilst in a pi:ton engine only 
the higher ranges are utilised, the remainder 
passing through the exhausts. The logical 
combination for low specific fuel consumption 
seems therefore to be a piston engine cum gas 
turbine. 








